Introduction
In Australia, vaccine-preventable diseases disproportionately affect Aboriginal and Torres Strait Islander (hereafter respectfully referred to as Aboriginal) adults and children. Rates for influenza hospitalisation are significantly higher in Aboriginal adults than in non-Indigenous adults. Between 2010 and 2013, rates among Aboriginal adults aged 50-64 years were estimated to be more than four times higher than those in non-Indigenous adults. This difference is thought to be due to higher prevalence of comorbidities associated with an increased risk of severe influenza among Aboriginal adults. 1 Vaccination is the key public health action to prevent the spread of infectious diseases such as influenza. In particular, adult vaccination is important as increasing the rates of coverage is a cost-effective measure that could have a significant impact on influenza morbidity and mortality, and coverage rates are currently low. 2 Hence ensuring the adult influenza vaccination program is working effectively is imperative and vaccination coverage is a key measure of program success.
Recommendations and funding for influenza vaccine have varied over the years and across jurisdictions. 3 The National Immunisation Program (NIP) in Australia provides free vaccination to groups at high risk of disease and since 1999 annual influenza vaccine has been available through the program for all adults aged ≥65 years. Recognising the greater burden of influenza in Aboriginal populations, since 2010, annual influenza vaccine has also been provided free for all Aboriginal adults aged ≥15 years and pregnant women, and in 2015 Aboriginal children aged >6 months to <5 years were also eligible for free influenza vaccine. 3 As of December 2018 the Pharmaceutical Benefits Advisory Committee also recommended that annual influenza vaccine also be provided to all Aboriginal children aged 5-14 years. 4 Despite the higher burden of influenza in Aboriginal adults and targeting for free influenza vaccination under the National program, there is very limited information on uptake of vaccination in Aboriginal adults. A systematic review in 2015 identified seven reports of vaccination coverage in Aboriginal adults, all conducted prior to 2010, before eligibility for influenza vaccination in this group was expanded. 2 The review found coverage for those aged ≥50 years ranged from 51% to 96%, [5] [6] [7] and coverage for those aged ≥65 years ranged from 71% to 89%. [7] [8] [9] Since 2010, we identified a further study reporting influenza vaccination coverage in Aboriginal adults. Among Aboriginal peoples aged ≥50 years and 15-49 years, influenza vaccination coverage in the previous 12 months was 57% and 28% respectively. 10 To add to the limited information on this topic, we used data collected in a cohort study of adults aged ≥49 years during 2012-2014 to provide more contemporaneous estimates of influenza vaccination coverage in Aboriginal adults and to compare these estimates to those for Australianborn non-Indigenous adults recruited into the same cohort study.
Methods

Study sample
The Sax Institute's 45 and Up Study is a large prospective cohort study (n=267,153) of adults aged ≥45 years at recruitment aiming to investigate healthy ageing. Participants were randomly sampled from the Australian universal health insurance database, Medicare, and were resident in the Australian state of New South Wales (NSW). To provide adequate statistical power those aged 80 years and older and rural and remote residents were oversampled. The study recruitment methods have been described in detail elsewhere.
11
A recruitment questionnaire was posted between January 2006 and December 2008, collecting detailed information on demographic, health and behavioural factors. A total of 267,153 people completed the baseline questionnaire, approximately 1 in 10 people in this age group in NSW. 12 Of the total baseline cohort, 0.7% of participants were Aboriginal and/or Torres Strait Islander adults. 13 Follow-up of participants is ongoing, with postal questionnaires including questions about vaccination for influenza and pertussis sent to participants about five years after recruitment.
i At the time of analysis, followup data were available for 105,902 participants who completed a questionnaire sent to them in either September 2012 (survey mailed to 41,400 participants, return rate=65%), November 2013 (survey mailed to 86,250 participants, return rate=58%) or December 2014 (survey mailed to 52,644 participants, return rate=54%).
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Statistical analysis
We excluded participants whose Aboriginality status was unknown, who were overseas-born or had unknown country of birth, based on recruitment questionnaire data. Those with unknown influenza vaccination status (including those with no vaccination date) were excluded from analyses. Participants were categorised as Aboriginal and/or Torres Strait Islander if they answered 'yes' to the question 'Are you of Aboriginal or Torres Strait Islander origin?', or Australian-born non-Indigenous if they answered 'no' and indicated their country of birth as 'Australia'. Influenza vaccination coverage was calculated as the percentage of those reporting influenza vaccination within the last year who answered 'yes' to the question 'Have you ever had the flu vaccine?', and for whom the date of vaccination was less than a year prior to the date that they completed their questionnaire. Annual uptake of influenza vaccination was examined separately in Aboriginal and Australian-born non-Indigenous participants. Crude and age-standardised influenza vaccination uptake was estimated, using the 2011 Australian Census Population data 14 in 5-year age groups for age-standardisation. Significant differences in vaccination uptake were tested for using the two sample test of proportions (Z-test). Vaccination was examined by: age at ), self-rated health (excellent, very good/good, fair/poor) and underlying medical condition (stroke, asthma, diabetes, heart disease, Parkinson's disease and cancer). Logistic regression was used to examine associations between the factors and the likelihood of influenza vaccination with separate models for Aboriginal and non-Indigenous participants. Regression models were adjusted for age (in 5-year age categories) and sex. The variables sex, Aboriginality, country of birth, area of residence and BMI were obtained from the baseline questionnaire. All other variables were obtained from the follow-up questionnaire.
All analyses were undertaken using Stata 12.0. 
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Ethical approval
Results
Of the 105,902 participants, 82,413 were Australian-born. The response rate to the followup questionnaire according to Aboriginality and other characteristics is shown in the appendix. The response rate was lower among Aboriginal participants than non-Indigenous participants (42.7% and 61.3% respectively). For Aboriginal participants, responders and non-responders were of a similar age (49-64 years 42.9%, ≥65 years 42.1%). Aboriginal responders were more likely than Aboriginal non-responders to: have a university education compared to no university education (54.1% vs 41.6%), live in a city compared to living in inner regional or outer regional/remote areas (45.3%, 41.9% and 39.5% respectively) and to be in paid employment compared to no paid employment (47.5% vs 38.2%). For non-Indigenous participants, responders were more likely than non-Indigenous nonresponders to: be younger (49-64 years 63.8%, ≥65 years 56.2%); have a university education compared to no university education (73.2% vs 58.0%); and be in paid employment compared to no paid employment (64.5% vs 57.8%). Response rates were similar among non-Indigenous participants for those living in a city compared to inner regional or outer regional/remote areas (61.1%, 61.7% and 60.1% respectively).
Among respondents, 1,199/82,413 (1.5%) had an unknown influenza immunisation status, yielding data for 81,214 cohort members, of whom 559 were Aboriginal and 80,655 Australianborn non-Indigenous (Aboriginal peoples represent 3.1% of the NSW population). 16 The characteristics of the participants according to Aboriginality are shown in Table 1 . Compared to Australian-born non-Indigenous participants, Aboriginal participants were on average younger, more likely to reside in rural or remote areas, less likely to be university educated or be in paid employment, had lower household incomes, more likely to be smokers, have a higher average BMI and have one or more preexisting medical conditions increasing the risk of serious complications from influenza. 17 Comparing influenza vaccination in Aboriginal and Australian-born non-Indigenous adults for all ages, age-standardised estimates were similar; 54.4% (95%CI 49.9-58.9%) versus 52.7% (52.4-53.1%) respectively; p=0. 5 
Discussion
We conducted this study to add to the very limited contemporaneous data available reporting influenza vaccination in Aboriginal adults in Australia. We found that reported influenza vaccination coverage was marginally higher in non-Indigenous adults than in Aboriginal adults aged ≥65 years, however this was not statistically significant. Coverage was higher in Aboriginal adults aged 49-64 years than in their Australian-born non-Indigenous counterparts. Given that all those aged ≥15 years are eligible for free vaccine, the overall uptake of influenza vaccination in Aboriginal adults was still low with less than half of those aged 49-64 years reporting receiving the vaccine. The vaccination uptake for funded childhood immunisations is in excess of 90%, but much lower for funded adult vaccines in Australia, in the range 50-60%. 18 The vaccination gap between adults and children, whether Aboriginal or non-Indigenous, is an area for improvement nationally. A rise in coverage from 50 to 80% could result in substantial gains in disease prevention. 19 The rate of influenza vaccine coverage in Aboriginal adults aged ≥65 years found in this study (67.3%, 95%CI 59.9-74.7%) is lower than that reported in earlier studies with estimates ranging from 71% to 84% in Aboriginal peoples nationally. However, NSW-specific estimates in these earlier studies have been lower than the national average. [7] [8] [9] Earlier estimates may differ from the current analysis as they were from national studies whilst our study was in NSW residents only. Barriers to increasing adult vaccination coverage differ from those related to childhood vaccination. Vaccination is often undervalued and financial support is less than that provided for childhood vaccines. 20 Reviews have found interventions shown to increase adult vaccination coverage include increasing access (i.e. home visits), incentives for patients and provider, and provider recalls. 20, 21 Among responders aged 49-64 years, Aboriginal participants had higher vaccination coverage than non-Indigenous adults. This suggests that the NIP recommendations and targeted funding for influenza vaccine in Aboriginal peoples aged ≥15 years has had a measureable impact. The most recent nationally reported data for influenza vaccine coverage in Aboriginal adults aged <50years was the 2012-2013 Aboriginal and Torres Strait Islander Health Survey which reported coverage of 56.8%, 22 marginally higher than our estimate. Previous estimates in those aged ≥50 years from 1995 to 2003 range from 51% to 96%. 2 The 2009 Adult Immunisation Survey for Aboriginal people aged >18 years reported coverage of 27.5% for influenza vaccination. 23 This variability and inconsistency in reporting of vaccination coverage in Aboriginal adults likely reflects the small sample sizes and highlights the need for more robust and up-todate coverage estimates. Apart from our study, almost all other reports were conducted prior to 2010 when national funding for influenza vaccination for Aboriginal adults changed from those aged <50 with a medical indication for influenza vaccine to all Aboriginal peoples aged ≥15 years. 24 Unlike many other surveys of vaccination uptake, we conducted this cross-sectional analysis within an established cohort study. A more representative population sample may be preferable for a study of vaccine uptake. However, given the paucity of available information on vaccination in Aboriginal adults 2 and the relatively large sample of participants who had completed the question on influenza vaccination, our results make a significant contribution to what is known about influenza vaccination in Aboriginal adults. Additionally, the cohort enabled us to make comparisons of vaccine uptake between Aboriginal and non-Indigenous adults who were recruited using a similar strategy, were Australian born, and had information on other characteristics enabling comparisons to be made regarding representativeness, a feature that many other studies that examine only Aboriginal populations lack.
Previous analysis comparing Aboriginal participants who responded to the 45 and Up Study baseline questionnaire to 2006 NSW Census data showed Aboriginal participants had higher education levels and a lower proportion of those ≥65 years who needed help with daily tasks. 13 Similar to our findings, a report including 99,927 follow up participants of the 45 and Up Study found that response rates from Aboriginal participants were lower than that for non-Indigenous participants (45% compared to 61%). Factors associated with lower response were similar in both groups, with those who were ill or disadvantaged less likely to respond to the follow up questionnaire. Additionally, Aboriginal participants who reported smoking or an annual household income of <$50,000 were less likely to respond than the same groups of non-Indigenous participants. 25 These differences in response are likely to mean that our estimates of coverage are slight overestimates, with more of an overestimation in Aboriginal than in non-Indigenous adults. 26 We were able to exclude overseas-born participants as we know from earlier studies that this group have significantly lower influenza vaccine uptake. 27 We acknowledge the possibility of responder bias which will impact the representativeness and generalisability of these results. However, comparisons to other NSW data sources show that a number of characteristics within this sample of Aboriginal adults were not substantially different. Data from the 2012-2013 Australian Aboriginal and Torres Strait Islander Health Survey shows that the proportion of those never smoking was 25% and 32% in those aged 45-54 years and those aged ≥55 years respectively, compared to 47% of our sample of Aboriginal participants aged 49+ years. The same survey reports that those who are overweight or obese is 74% and 77% in the same age groups, 28 compared to 77% in our sample. Census data from the Australian Bureau of Statistics shows a geographical population spread in NSW of 42% of Aboriginal adults aged ≥45 years living in major cities, 33% living in inner regional areas and 25% living in remote areas. 29 Similarly, 42% of our sample lived in major cities, 28% in inner regional areas and 21% in remote areas.
The study used self-report to determine vaccination status and this introduces the possibility of misclassification. However, self-reported influenza vaccination status has been shown to be reasonably accurate 30, 31 and it is used widely in surveys of adults to estimate coverage. 23 Potential bias in our findings could result if accuracy of self-report differed between the comparison groups. Other limitations include the small sample size of Aboriginal participants, which leads to greater uncertainty around the point estimates and the fact our study was limited to adults in NSW.
Increasing vaccination coverage could help to decrease hospitalisations and deaths caused by influenza in Australian adults. This is particulary important for Aboriginal adults who are at higher risk of complications from influenza due to higher prevalence of chronic conditions. 1 Research suggests that whilst providing funding for vaccination is important to improve adult coverage, there are other initiatives which could improve uptake. Some strategies which have been shown to be effective include reminders for adults, 32 working with primary health care practices to identify a staff member to drive influenza campaigns, 33 targeting of people within geographic regions with high disease rates 34 and specifically for Aboriginal populations having dedicated Aborignal Health Workers which has had a demonstrable effect on increasing vaccination coverage in Aboriginal children. 35 Evaluating the effectiveness of programs to improve adult vaccination uptake is an important area for future research.
Conclusion
This study adds to existing knowledge by providing estimates of vaccination coverage in Aboriginal adults and examining differences between Aboriginal and non-Indigenous adults. Overall, given responder bias, our findings suggest for those aged ≥65 years, vaccination coverage in Aboriginal adults is lower than Australian-born non-Indigenous adults, and among those 49-64 years is higher among Aboriginal compared to non-Indigenous adults. However given Aboriginal adults aged ≥15 years are funded by the NIP to receive annual influenza vaccine, the overall estimate of ~50% uptake in adults aged 49 years and greater, are inadequate. 19 The introduction of the all of age Australian Immunisation Register 36 should allow for more systematic and regular monitoring of vaccine uptake in this priority population. We also note that while our study has limitations, they also highlight the need for much better and more contemporary data on influenza vaccine uptake in Aboriginal adults. 
